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Abstract 
In Semi arid regions of India, small storage structures such as village ponds and tanks capture the surface runoff during the 
monsoon season to exploit in dry season. Rarely this could be considered in the water resources system planning, even though they 
are important sources of water supply for multiple uses. With the increase in human population, these storage structures are 
encroached upon by the local residents resulting in loss of capacity. The main limitation in considering the effects of these structures 
are the lack of knowledge on existing small storage structure distributions and their storage capacities. The methodologies now being 
used to quantify physical parameters of small tanks are costly, time consuming, as well as laborious. To address this challenge an 
attempt is made to estimate the small storage tank capacities as a function of their surface areas using Shuttle Radar Topographical 
Mapper (SRTM) data set of global elevations of 90m Digital Elevation Model (DEM). However, overall assessment of the accuracy of 
this product involving ground truth control and accuracy verification methods with higher level of precision, like as the Global 
Positioning System (GPS). A field study of 14 small tanks was carried out using a GPS and an engineering survey in the Sindapalli 
Uppodai Subbasin of the Vaippar River basin, Tamil Nadu, India. A regression analysis was carried out to establish a power 
relationship between surface area and storage capacity of small tanks. The root mean square error (RMSE) of the analysis obtained 
from the equation is within the acceptable limit of 10%–15% and also the correlation obtained between the field survey and SRTM 
volumes is acceptable even though the resolution is less (90m x 90m grid size). 
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1. Importance of Tanks 
Tanks are the most prominent mode of irrigation in the semi-arid regions of India with around 120,000 small-scale 
tanks irrigating about 4.12 M-ha [1]. These tanks are shallow reservoirs formed by earthen embankments to store 
seasonal stream flows. Similar small storage tanks are also found in the dry zone of India and Sri Lanka [7]. Tanks 
have multiple uses and they represent an important water source for people including irrigation of vegetable gardens, 
domestic use, and livestock watering [10]. Small tanks are the main source of groundwater recharge in arid / semi arid 
regions of India [2]. 
Tanks are used to impound runoff from the monsoon rains which occur during a few months of the year and then to 
regulate the supply of water mainly for agricultural use [16]. The success of watershed management depends on the 
accurate assessment of water availability in various tanks of a watershed. The assessed water availability determined 
through an integrated approach for the development of policies by watershed managers for optimal utilization of water 
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[22]. The large surface area relative to the volume of the small reservoirs leads to high evaporation loses in arid and 
semi arid regions [17]. Due to several activities the reduction in volume of the tanks leads to a shortage of water for 
drinking, domestic use, livestock watering, and mainly, irrigation [5]. The lowering of lake surfaces also takes place as 
a result of land-cover and land use change [13].  
In the Limpopo River Basin, Zimbabwe, it was estimated that there are approximately 1000 small reservoirs [18 
and 24], but their importance was not readily realized. Thus, from a hydrological point of view, the existence of a 
large number of small reservoirs as well as their spatial distribution and storage capacities must be known for proper 
planning and utilization of these dispersed water holding and water conservation structures.  
Although, in most arid / semi arid areas, small reservoirs store large quantities of water and have a significant effect 
on downstream flows, rarely are they considered as part of the water resources systems of a river basin. People living 
in semi arid and arid areas experience exceedingly inconsistent rainfall patterns with drought and floods leading to 
insecure livelihoods [11 and 19]. Meigh used 1:50,000 topographical maps and an indirect method to estimate the 
surface areas of the small reservoirs in order to find the impact of small reservoirs on urban water supplies in 
Botswana and concluded that area estimated from such maps is a poor measure of the actual area [12]. Because the 
aerial photography on which the maps are based was unlikely to correspond to the time when the reservoirs are full 
and also some of the reservoirs were so small that they may not be visible due to the scale effect.  The reservoirs are 
located in the stream channels, and the morphometry of stream channels are a response to the surface runoff 
characteristics of the area [23]. Damming these streams results in characteristic relationships between volumes and 
surface areas.  
SRTM Data were collected during 11 day mission in February 2000 since then, they were described in details [3 
and 15] and become accessible for free download over the internet (http://srtm.csi.cgiar.org/). SRTM data verification 
was performed using various altimetry data [6 and 20] and digital elevation models [14]. The overall assessment of the 
accuracy of the topography/terrain analysis and its relation using SRTM data indicates better accuracy [4].  
The absence of adequate knowledge on small storage tank capacities has been a constraint in the decision-making 
processes regarding planning and management for existing water resources. This justifies the need to determine the 
capacities of these small storage tanks using less expensive methods. A type of analysis is based on intensive use of 
remote sensing (RS) and a geographic information systems (GIS) technology is evaluated here. The objective of this 
study is to develop a relationship between surface areas and storage capacities for small storage structures from the 
field surveys and data like the processed Shuttle Radar Topographical Mapper (SRTM) with 90m DEM. 
2. Materials and Methods  
2.1. Collection and Processing of Field data using GPS 
The estimation of surface area and volume of tanks were carried out in the Sindapalli Uppodai Sub basin. 
Topomaps from survey of India (1:50,000) were used to delineate the tank boundary and GPS is used to collect data 
on the topographical variation which includes elevation, latitude, and longitude for each tank water surface area. Each 
measurement was accompanied by its GPS (error of < 0.01 m) coordinate. Because of its precision and accuracy, a 
GPS is expected to be more appropriate for delineating watershed boundaries, calculating the water surface area and 
capacity of the reservoirs, and many more applications than traditional field methods of using a compass and chain 
survey.  
A differential GPS receiver was used to record position along the boundary and to record each point as well as line 
data in kinematic and static modes in Universal Transverse Mercator (UTM) format and were projected using the 
World Geoid System (WGS) 1984 zone 44 north [21]. The GPS receiver recorded points at every five seconds, 
depending on reception. Reception, in turn, depended on the topographic features and canopy closure [8], which 
varied from 1 to 100 percent. The boundaries of tanks and elevations with locations of the water surface area were 
recorded at different stages. The outlier points in the data were removed and processed further. In ArcGIS 9 the data 
points were imported into Arc Map to establish the relation between area and capacity of each tank.  
2.2. GIS Application and Use of SRTM Data 
The ArcGIS package with Spatial Analyst, plus surface areas and elevation grid extension were used to automate 
surface area calculations and to provide surface area statistics. Interpolation was carried out using Natural 
Neighborhood Interpolator that fits a minimum curvature surface through the input points. It provides a basis for an 
assessment of the quality of a method that was used to derive the surface extent as a function of elevation of small 
surface water bodies from SRTM data with elevation information for a grid size of 90 m x 90 m. Using the water 
bodies delineated from the topomaps, the SRTM data points were depicted and the analysis was carried out to 
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establish the water surface area vs. capacity of the tanks. The water surface area and capacity of the tanks were 
developed by a macro program using Microsoft Excel and the database of the water surface area and depth were 
obtained from the GIS analyses.     
2.3. Storage Capacities  
For most of the small tanks in the catchment, no data were available on their physical characteristics such as 
surface area and tank capacity at different depths. In order to model the water balance, it is necessary to have estimates 
of at least the following for each tank: the surface area and storage capacity corresponding to different tank depths.  
The Tank capacity calculation was done using the following formula 
 
Vn+1 = Vn + Δh [(An + An+1)/2]          … (Equ.1) 
where  Vn+1 and Vn are the reservoir capacity at depths h1 and h2, respectively. 
 Δh is the depth difference (h2 – h1) 
 An and An+1 are area of the reservoir surface at depth h1 and h2, respectively, and;  
 n contour number. (n=0 refers to the deepest bed level of contour) 
3. Study Area  
Sindapalli Uppodai is a sub basin of the Vaippar River basin, which is in Tamilnadu. It receives runoff from its 
own catchment. It originates from the plain terrain near Duraisamypuram village of Sivakasi taluk and it runs for a 
distance of 25 km, finally empting into the Arjunanadhi River near Allampatti village as shown in Figure1. The sub 
basin has a width of 17 km and covers an area of 142 km2. The sub basin lies between Latitude 9º 20’00” N and 9º 
27’00” N and Longitude 77º 44’00” E and 77º 58’00” E. The elevation varies from 130 m above mean sea level (MSL) 
on the western side to 60 m above MSL on the eastern side. The maximum temperature ranges from 30.16C to 
40.34C and the minimum temperature ranges from 20C to 27C. The sub basin’s monthly average pan evaporation is 
196.86 mm and the average annual rainfall is 720 mm in which the major contribution is from the North-east monsoon 
from October to December.  
 
 
 
 
 
 
 
 
 
 
Figure 1 Tank System Locations of the Sindapalli Uppodai Sub basin 
4. Analysis and Results  
4.1. Capacity Estimation  
From the inventory obtained using GPS and SRTM spatial data for 14 small tanks, SRTM data for 4 tanks were 
identified from the Sindapalli Uppodai sub basin and the distribution of the tanks (Figure 1). Having established the 
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spatial distribution of small tanks in the study area, their area-capacity relationships need to be determined for the 
rainfall runoff modeling. The graphs in Figure 2 (a) and 2 (b) represent the relationships between water surface area 
and capacity of small tanks / reservoirs as obtained from field surveys and from SRTM data, respectively.  
 
 
 
 
 
 
 
 
 
 
Figure 2 (a) Water surface area vs. capacity; (b) GPS Volume vs. SRTM Volume  
4.2. Data Analysis  
The data for both capacity and surface area were transformed into log equations and the corresponding coefficient 
of determination (R2) value for each reservoir was calculated. Focusing on log water surface area-log capacity 
correlation, a mean storage capacity was sought for each area. The power relationship is expressed as C = a * Ab, 
where, C is the capacity of the reservoir (m3), A is the surface area (m2) and a, b are constants and are associated with 
the average shape factor of the tanks.  
The regression analysis (log capacity-log area) shows that a power relationship exists between remotely sensed 
surface areas (m2) and storage capacities of reservoirs (m3). This relationship can be used as a tool for decision making 
in integrated water resources planning and management at the river basin scale.   
The regression analysis gives a formula from which knowing surface areas of reservoirs the reservoir capacity can 
be estimated. The coefficient of determination (R2) shows the amount of measured variance. The correlation obtained 
for each of the tanks is listed in Table 1 as GPS capacity vs. SRTM Capacity. 
Table 1 Correlation between the GPS volume and SRTM volume 
Name of the Tank GPS Volume vs. SRTM Volume R2
Vetrilaiyurani 0.9893 
Muthalnayakanpatti 0.9983 
4.3. Storage Tank Capacity-Area Relationship  
Within geomorphologically homogenous regions, one may expect a good correlation between the surface area, 
which may be determined through satellite observations, and the stored volume. In connection with this in order to 
verify the idea that volumes of the reservoirs can be predicted by a formula, the data from the measured small storage 
structures, the logarithms of areas and computed volumes, were plotted in Figure 3. Based on the measurements, the 
small storage structure volumes can be described with the regression equation:  
A  *..-C log4596163212log +=           ….. (Equ.2)  
Its linear trend closely mirrors the theoretically derived relation (Equ.1) and in fact that the surface shapes of the 
reservoirs are not similar at all and display a large variety of length/width ratios. To use Eq. (2) properly for the 
determination of reservoir volumes, the precision of the prediction needs to be known. The goodness of fit between 
measured and modeled volumes can be evaluated. This relationship explains approximately 95.3% of measured 
variance. Despite the variety of small storage structure shapes, the derived equations are highly consistent. The sizes 
of the measured reservoirs are finally summarized in the equation:  
 
C = 0.0023 * A1.5316           ….. (Equ.3) 
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where C is reservoir capacity in m3 and A is surface area in m2 
 
 
 
 
 
 
 
 
Figure 3 Power relations between Log Water surface area vs. Log Capacity 
4.4. Validation of the Equation 
The characteristics of the tanks in terms of their size, depths and topography led to one general equation to be used 
to estimate reservoir volumes based on their remotely sensed spatial data information in Sindapalli Uppodai sub basin. 
Equation 3 is validated for three more tanks which are located in the same sub basin. Equation 3 performs well in 
estimating the tank capacities and the root mean square error (RMSE) of the analyses are approximately 10% - 15% 
[9]. Equation 3 and field measurements describes that, at full capacity the Duraisamypuram tank based on the GPS 
measurements 0.419 M-m3 of water and 0.385 M-m3 of water respectively. From the SRTM data, the full capacity of 
the same tank was obtained by 0.413 M-m3 of water from the equation and 0.388 M-m3 of water from the DEM of 
SRTM data (90m x 90m size). The validated equation results were compared with the GPS and SRTM processed 
results in Tables 2 and 3. The validated area - capacity relationship of Duraisamypuram tank (DT) is presented in 
Figure 4, which focuses that the capacity of the field data, SRTM data and obtained from the equation are similar in 
pattern.  
 
 
 
 
 
 
 
 
Figure 4 area – capacity curve for Duraisamypuram tank after validation 
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Table 2 RMSE and Percentage error for GPS data and Equation 3  
Name of the Tank 
WSArea 
(m2)
Tank Capacity (m3)
RMSE 
%
Error Equation3  GPS  
Duraisamypuram 245344.35 419118.6014 385046.43 14862.79 3.86 
Sithurajapuram 182803.94 267062.5505 281522.29 23873.09 8.48 
Anuppankulam 329403.61 658125.4244 697966.33 81243.28 11.64 
Table 3 RMSE and Percentage error for SRTM data and Equation 3 
 
Name of the Tank 
WSArea 
(m2)
Tank Capacity (m3)
RMSE 
%
Error Equation3  SRTM  
Duraisamypuram 242893.25 412722.5689 388851.91 49267.53 12.67 
Sithurajapuram 182727.89 266892.4037 246475.84 19027.93 7.72 
Anuppankulam 328177.97 654378.6407 610900.94 50826.95 8.32 
5. Conclusions and Recommendations  
This study begins to fill the gaps of knowledge concerning the spatial characteristics of small storage structures in 
the semi arid regions. With the techniques of remote sensing and GPS the majority of small reservoirs, for which 
detailed information is lacking and can be included in the capacity-area power relationship. It is demonstrated in the 
Sindapalli Uppodai River basin without the need to carry out the extensive field survey. This relationship explains 
approximately 95% of measured variance, hence, enabling planners to have a complete picture of the water resource 
system in the river basin.  
When the derived equation is used for three other tanks it predicts that the actual capacity approximately within an 
acceptable error of 10% - 15%. The applicability of the relationship is similar to other such catchments are evaluated. 
This kind of relationship may be obtained from high resolution data like CARTOSAT stereo products (Cartographic 
application) which has a resolution less than 1m x 1m size. Thus, it is concluded that small tank characteristics can be 
obtained from satellite based spatial data and topographical maps giving an acceptable estimate of reservoir capacities 
without necessarily carrying out a field survey.  
It is also found a relation between reservoir volumes and their surface areas. Eq. (3) relates small storage structure 
surface areas directly to storage volumes with moderate precision. Eq. (3) and field measurements describes that, at 
full capacity the Duraisamypuram tank based on the GPS measurements 0.419 M-m3 of water and 0.385 M-m3 of 
water respectively. From the SRTM data, the full capacity of the same tank was obtained by 0.413 M-m3 of water 
from the equation and 0.388 M-m3 of water from the DEM of SRTM data (90m x 90m size).  
Combining Eq. (3) with periodical satellite-based small storage structure surface area measurements would allow 
us to build a cost effective monitoring system which may be the hourly need of technology for developing countries 
like India. Such a system is both valuable for hydrological research, as it provides indications of surface runoff in 
ungauged basins, and for water managers who need estimates of water availability in the semi arid regions of India, 
requires further research. 
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